The Centers for Disease Control and Prevention (CDC) recommended in 2006 that sexually active gay, bisexual, and other men who have sex with men (MSM) be screened for human immunodeficiency virus (HIV) at least annually. A workgroup comprising CDC and external experts conducted a systematic review of the literature, including benefits, harms, acceptability, and feasibility of annual versus more frequent screening among MSM, to determine whether evidence was sufficient to change the current recommendation. Four consultations with managers of public and nonprofit HIV testing programs, clinics, and mathematical modeling experts were conducted to provide input on the programmatic and scientific evidence. Mathematical models predicted that more frequent than annual screening of MSM could prevent some new HIV infections and would be more cost-effective than annual screening, but this evidence was considered insufficient due to study design. Evidence supports CDC's current recommendation that sexually active MSM be screened at least annually. However, some MSM might benefit from more frequent screening. Future research should evaluate which MSM subpopulations would benefit most from more frequent HIV screening.
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HIV testing is the critical first step for people who are infected with HIV to become aware of their status, receive appropriate medical care, and obtain lifesaving medications and other services that will allow them to maintain healthy and productive lives. Early HIV diagnosis enables prompt initiation of antiretroviral therapy, [2] [3] [4] which can also reduce the risk of HIV transmission. 5 Knowledge of infection status also helps decrease transmission of HIV, because people who know they are infected have been shown to reduce their HIV transmission risk behaviors. 6 Furthermore, the new HIV tests approved by the US Food and Drug Administration and recommended by CDC 7 have improved the detection of early infection: combination antigen/antibody HIV tests can detect greater numbers of people during the highly infectious, acute stage of HIV infection [8] [9] [10] and thereby improve the likelihood of early referral to medical care.
Gay, bisexual, and other men who have sex with men (hereinafter referred to as MSM) are disproportionately affected by HIV in the United States. In 2015, MSM (including MSM who inject drugs) accounted for 70% of new HIV diagnoses in the United States. 12 HIV infection is particularly devastating for some young MSM: during 2008-2014, diagnoses of HIV infection decreased 18% among MSM aged 13-24 but increased 35% among those aged 25-34. 13 CDC testing initiatives, guidelines, and recommendations promote testing among MSM and other groups severely affected by HIV infection. Since 2001, CDC has recommended HIV screening of asymptomatic people in clinical and nonclinical settings; the recommendations for testing people in clinical settings were updated in 2006. 14 In the 2006 guidelines, CDC recommended that people at high risk of HIV infection-defined as people who inject drugs and their sex partners, people who exchange sex for money or drugs, sex partners of HIV-infected people, and MSM or heterosexual people who themselves or whose sex partners have had more than 1 sex partner since their most recent HIV test-should be screened at least annually. These conclusions from 2006 (based on expert opinion, not a systematic review of the literature) for repeat screening were focused on groups at high risk, including heterosexuals and MSM in nonmonogamous partnerships. Subsequent analyses cast doubt on the recommendation that only nonmonogamous MSM be screened annually. [15] [16] [17] A 2009 model estimated that in 5 US cities, 68% of HIV transmissions among MSM occurred from main sex partners. 15 Other investigators raised concerns that MSM may incorrectly assume the HIV status of their sex partners 16 or that sex partners may not disclose sexual encounters outside the partnership. 17 These concerns led to broadening the recommendation for annual screening to all sexually active MSM. Since 2010, through reports and media campaigns, CDC has supported the recommendation that all sexually active MSM-not only those in nonmonogamous relationships-undergo annual screening. [18] [19] [20] [21] The 2010 Sexually Transmitted Disease (STD) Treatment Guidelines also recommended that all sexually active men be routinely screened for STDs and HIV at least annually, 22 although the 2015 version reverted to the earlier recommendation that men in nonmonogamous relationships be screened annually. 23 Several publications since 2006 have suggested that some MSM might benefit from more frequent than annual HIV screening. 24, 25 In 2011, CDC published the results of an analysis of MSM interviewed and tested in 2008 as part of the National HIV Behavioral Surveillance system: 7% of MSM who reported a negative HIV test result in the past 12 months were found to have HIV infection when tested through the National HIV Behavioral Surveillance system. 18 The report concluded that sexually active MSM, regardless of high-risk behaviors, might benefit from more frequent HIV testing (eg, every 3 or 6 months). In subsequent reports, media campaigns, and fact sheets, CDC has continued to suggest that sexually active MSM might benefit from more frequent testing. [26] [27] [28] In April 2013, the US Preventive Services Task Force, after conducting a systematic literature review, updated its 2005 recommendations for HIV screening 29 and recommended routine screening of all people aged 15-65 at least once in their lifetime, as well as more frequent screening for people at increased risk of HIV, such as MSM. 30 The US Preventive Services Task Force did not find sufficient evidence to specify a rescreening interval for MSM but said that a reasonable approach would be to conduct annual screening of groups at very high risk of HIV infection. In 2014, CDC recommended that HIV-uninfected MSM at substantial risk of HIV infection be prescribed preexposure prophylaxis 31 and retested every 3 months and immediately whenever signs and symptoms of acute HIV infection are reported.
Studies have found that although 63% to 91% of MSM have been tested for HIV at least once in their lifetime, 32, 33 only 39% to 67% are tested annually 34, 35 and HIV testing of males, particularly those aged <19, in physicians' offices is likely suboptimal. 36 Nevertheless, some local public health officials in large US cities have endorsed more frequent rescreening of MSM, in some cases even before the updated CDC recommendations in 2006 (Table 1) . [37] [38] [39] [40] In their cities, clinicians are encouraged to offer HIV tests to all MSM, especially those who are not taking preexposure prophylaxis, every 3 or 6 months.
Since 2006, a high prevalence of HIV among some MSM has persisted, and the number of published articles about more frequent HIV screening has increased. In light of these events, CDC scientists reviewed recent published and unpublished information about the benefits and harms of annual versus more frequent screening to determine whether the evidence was sufficient to change the current recommendations for HIV screening among MSM in the United States. The recommendation is published in a separate document. 41 
Methods
During 2013-2014, a workgroup of CDC scientists comprising epidemiologists, clinicians, behavioral scientists, health policy experts, and health economists conducted a systematic review of the literature and hosted 4 expert consultations to review the findings and gather unpublished program evaluations and opinions about the appropriate frequency for HIV testing of MSM in clinical settings.
Systematic Review
The primary goal of the systematic review was to compare the individual and societal benefits and harms of annual versus more frequent HIV screening among MSM who do not know whether they are HIV infected. Secondary goals were to compare the feasibility and acceptability of annual versus more frequent HIV screening. The CDC workgroup applied systematic review methods of the Community Preventive Services Task Force, 42 which issues evidence-based recommendations about community preventive services. In 2013, the CDC workgroup slightly adapted the tools of The Guide to Community Preventive Services (The Community Guide) to complete the review. This rating tool assessed 5 categories of study execution to assess threats to validity: description (how well the study population and intervention information is described), sampling (eg, whether the sampling frame is specified, and selection biases and screening criteria are specified), measurement (valid exposure, outcome, and predictor variables), data analysis (eg, appropriate statistical testing was applied), and interpretation of results (eg, identifying biases, confounders, and limitations). For our analysis, each study was assigned 1 point per element in each category that it did not satisfy. For example, for the category of how well the study is described, 1 element was how well the study population was defined and another element was whether the authors described the type of HIV testing technology in their analysis. Each category had 5 or 6 elements, for a possible total of 27 points. We modified the tool from that of The Community Guide, which weights the categories and scores each study on a total scale of 9 points; a study with few limitations and higher points would earn a high study execution rating.
We did not assign different weights to the 5 categories, because each category was considered equally important. We assigned limitations to studies with threats to validity in each category. For example, a study that did not specify the sampling frame or selection for the study population received 1 limitation. We rated studies with 0 to 4 of 27 total limitations as having strong study execution, those with 5 to 8 limitations as moderate, and those with 9 limitations as low. Another adaptation from The Community Guide was to add the use of mathematical models to supplement the systematic review.
Before beginning the review, the CDC workgroup conducted a series of internal meetings to develop the conceptual approach and the research questions needed to evaluate the evidence from published studies. The internal workgroup identified 4 research domains: (1) benefits, either to individuals or society; (2) potential harms, to the individual or to society; (3) acceptability; and (4) feasibility. Individual More MSM than non-MSM in community settings agreed to be tested multiple times per year.
Many providers believe that MSM should be tested for HIV more than annually. HIV screening was "normalized" by routinely linking HIV screening to sexually transmitted infection screening.
Messaging was consistent ("sexually transmitted infection screening, including HIV screening, should occur every 3 months").
Pretest counseling for all MSM and posttest counseling for HIV-negative people was waived, which reduced time commitment.
Screening program could provide many posttest services for newly diagnosed MSM.
Since 2009, screening sites have increased ability to offer screening with tests for acute HIV infection that can hasten linkage to HIV medical care for highly infectious MSM.
Conclusions about barriers to more than annual screening Although recommendations are directed to all providers, publicly funded testing sites are most likely to adhere to the guidelines and endorse testing recommendations to their patients.
Uptake of frequent screening may be lower among MSM whose providers do not endorse it or who are not offered electronic reminders. Program cannot assess the impact of frequent HIV screening or whether MSM view frequent screening as acceptable because of difficulties with systems that do not currently collect these data. The current policy to rescreen MSM for HIV every 6 months, and in some cases every 3 months, can be confusing for MSM and screening providers.
Current funding does not allow program to offer screening to all MSM every 6 months or to implement screening reminder systems.
Abbreviations: CDC, Centers for Disease Control and Prevention; HIV, human immunodeficiency virus; MSM, men who have sex with men; STD, sexually transmitted disease.
benefits are the likely health benefits accruing to individual MSM as a result of being screened for HIV every 3 to 6 months rather than annually, such as reduced mortality and improved quality of life. Societal benefits are those that accrue to society as a whole as a result of more frequent than annual screening, such as averted HIV transmissions or cost savings of a more frequent than annual HIV screening intervention. Individual harms include stigma, out-of-pocket costs that men might have to pay if insurance does not cover HIV screening more than once per year, or increased falsepositive HIV tests. Societal harms refer to an increase in MSM risk behavior as a result of frequent screening or an increase in societal resources (costs, personnel) required to maintain a more frequent screening program. Acceptability is the extent to which MSM agree to or are accepting of being screened every 3 to 6 months instead of annually and the conditions under which they would prefer to receive screening. Feasibility refers to the potential barriers or facilitators to health departments or local programs screening MSM at 3-to 6-month intervals compared with annual screening. Staffing levels, methods of identifying MSM to screen, adequate reimbursement, and other issues would reflect the feasibility of a program to implement more frequent screening.
Search Strategy
The CDC workgroup developed search criteria for the automated search. The search was restricted to articles that included indexing terms or keywords in the following areas: (1) HIV seropositivity, HIV infections, AIDS serodiagnosis, or STD/ infections; (2) "men who have sex with men" or "high risk"; and (3) test or "screen." No language restriction was applied to the automated search. The literature search was further restricted to studies published from January 1, 2005 (to overlap with the most recent CDC update of HIV testing recommendations 14 ), through December 31, 2014. The last search was performed in January 2015. The CDC workgroup supplemented an automated search of databases (MEDLINE, EMBASE, PsycINFO, and CINAHL) with a manual search of gray literature, focusing on (1) national and international abstracts from conferences that address HIV testing or screening and (2) CDC's unpublished mathematical modeling studies about HIV rescreening intervals. The literature search included studies from clinical and nonclinical settings to maximize the chance of finding studies about screening intervals in settings with clinical and nonclinical components. A detailed description of the search is available from the corresponding author.
Study Selection
After the automated search, duplicates were removed manually. The duplicated abstracts were distributed equally to 3 CDC workgroup experts, who worked in overlapping independent pairs to review the titles and content of abstracts using an article-screening tool to identify relevant studies. Disputed abstracts were resolved in a meeting of the relevant pair of experts; ties were broken by the third expert. The 3 experts reviewed the full-text articles and abstracted the content. Only articles that met the following criteria were included in the analysis: (1) the study was conducted in the United States or the following upper-middle-income countries: Canada, Australia, New Zealand, and all countries in Western Europe (other countries, including China, were excluded to focus on countries in which trends in HIV infection were similar to those in the United States); (2) the study was written in English; (3) the study mentioned annual versus more frequent screening among MSM or described another testing frequency such as inter-test intervals (a count of the number of months between testing events); (4) the study addressed 1 of the 4 aforementioned research domains; and (5) the study was conducted in a clinical setting or was a modeling study that used data parameters that would be relevant to clinical settings. Articles considered for the feasibility research domain had to originate in the United States, because studies from countries with different health care systems (eg, publicly funded health care systems) were not comparable with the US setting.
The 3 CDC workgroup members rated each included study for each of the inclusion criteria, the research domains (benefits, harms, acceptability, and feasibility), quality of study execution (description, sampling, measurement, data analysis, and interpretation of results), and key findings by using the quantitative study assessment tool. The CDC workgroup members did not identify any established methods for rating the quality of execution of mathematical models. The 3 reviewers resolved disagreements about the rating of each article through discussion and consensus.
After each article was rated individually, the quality of the body of evidence was evaluated by taking all studies that addressed 1 of the 4 research domains and evaluating each group of studies as a whole. One additional area that was considered during this phase of the review was whether the studies had findings that were consistent: that is, whether the studies as a group documented a similar magnitude of effect of more frequent than annual screening compared with annual screening. 42, 43 We used The Community Guide Task Force categorical rating system 44 to describe our findings. Recommended means that the systematic review of available studies provides strong or sufficient evidence that the intervention is effective. The categories of strong and sufficient evidence reflect the Task Force's degree of confidence that an intervention has beneficial effects. The categorization is based on several factors, such as study design, number of studies, and consistency of the effect across studies. Recommended against means that the systematic review of available studies provides strong or sufficient evidence that the intervention is harmful or not effective. Insufficient evidence means that the available studies do not provide sufficient evidence to determine if the intervention is, or is not, effective. This rating does not mean that the intervention does not work but, rather,
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Public Health Reports 133 (1) that additional research is needed to determine whether or not the intervention is effective.
CDC Expert Consultation
During August-December 2014, CDC held 4 virtual conferences (through webinar or conference call) with people who had expertise in 1 of the following areas: research on frequency or cost-effectiveness of HIV screening, experience managing public-sector HIV testing programs for MSM, or knowledge about the attitudes of MSM concerning HIV screening. The purpose was to obtain individual feedback from external consultants on the systematic review and the preliminary conclusions (body of evidence), identify studies missed in the literature review, identify data for future reassessments of the optimal frequency of HIV screening among MSM, and obtain feedback from representatives of programs that provided more frequent than annual screening to MSM. Because of the number of mathematical models identified by the literature review and their relevance to the outcomes of interest, CDC held a separate conference call with mathematical modeling and economic evaluation experts to inform the workgroup's assessment of the studies. Before each consultation, the experts provided feedback on agendas and summary documents and read summaries of the systematic literature review and full-text articles under discussion. After each webinar, CDC provided a summary of the minutes for review and revision by the expert consultants.
Results

Systematic Literature Review
The automated search and review of gray literature resulted in 6479 abstracts, 111 of which met the inclusion criteria and were reviewed in full (Figure) . Reviewers found 13 articles 24, 25, 43, [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] (including 1 study 47 that was unpublished at the time of the review) that addressed at least 1 research domain (Table 2) . Of these 13 studies, 11 were categorized as pertaining to the societal benefits of more frequent screening 24,25,43,45-52 and 2 addressed acceptability of more frequent HIV screening. 53, 54 None of the 13 studies addressed the other research domains: individual benefits, individual or societal harms, or feasibility.
Evidence Synthesis
Studies that addressed societal benefits. Of the 11 studies that addressed societal benefits of more frequent testing, 8 were based on mathematical models and 3 were observational studies. Of the 8 modeling studies, 4 were economic evaluations of HIV screening frequency, of which 3 assessed the cost-effectiveness of more frequent than annual HIV screening 24, 25, 47 and 1 assessed the cost-effectiveness of annual screening compared with less frequent than annual screening. 48 The primary outcome was the cost per quality-adjusted life year (QALY) saved reported as an incremental costeffectiveness ratio, which is the ratio of the difference in costs and effectiveness between 2 alternatives. Although some scientists and policy makers disagree about what is considered cost-effective, incremental cost-effectiveness ratios of $100 000 to $200 000 per QALY saved and lower are generally considered economically efficient. 55 The incremental cost-effectiveness ratios across these 3 studies ranged from cost saving (more frequent than annual testing resulted in net savings) through $138 200 per QALY depending on HIV testing frequency and test technology. One of the economic studies was a cost-benefit optimization model, which converted outcomes to incremental cost per QALY. 24 The remaining 4 were health impact models, [49] [50] [51] [52] which refer to models that assess the long-term effects of more frequent than annual HIV screening on reducing HIV transmission.
The 8 models were not rated for quality of study execution because there is no established method for incorporating a modeling study design into guidelines. 67, 68 The CDC experts rated the 3 observational studies as low, primarily because of their sampling design. However, the key findings and designs of the studies were well described.
The CDC experts judged the 8 modeling studies to have inconsistent results. Three of 4 cost-effectiveness or costbenefit studies 24, 25, 47 found more frequent than annual testing to be more economically efficient than their respective base-case scenarios (eg, annual screening). Of the 4 health impact studies, 49-52 1 study 51 found greater reductions in new infections because of more frequent than annual screening only if MSM were screened; 2 studies 49, 52 found that more frequent than annual screening had a small or negligible effect on new infections; and 1 study 50 found that screening more frequently than annually had a greater effect when risk behaviors, such as having sex with multiple partners, were considered as screening criteria along with frequency (eg, screening every 3 months among those with 3 sex partners) than if only increased screening frequency was implemented.
Overall, the CDC experts determined that the body of evidence concerning the societal benefits of more frequent than annual screening of MSM was insufficient because the available studies did not provide sufficient or direct evidence to determine if the intervention was, or was not, effective in reducing HIV transmissions.
Studies that addressed acceptability. The CDC experts rated both studies that addressed acceptability 53, 54 as having a moderate quality of study execution, although the study design was of low quality because they were observational studies. Both studies showed that test intervals for some high-risk MSM had been decreasing over time, particularly when screening was at no cost to the client and was obtained in public health clinics. Overall, the CDC experts classified the body of evidence from these 2 studies describing an increase in frequency of screening among MSM as insufficient, because their study designs were not well suited to assessing the acceptability of annual versus more frequent screening. ) were first identified as gray literature or through expert consultants and published after 2014.
b Study was identified through input from expert consultants.
Studies that addressed individual benefits. No studies identified the benefits to individual men screened more than annually compared with annually. However, several recent studies that did not meet inclusion criteria (because they did not address screening frequency) showed that earlier initiation of HIV therapy (starting at higher CD4 counts 2 ) yields better HIV-related and non-HIV-related clinical outcomes than later initiation of HIV therapy.
Studies that addressed individual or societal harms. No studies identified overt individual harms of more than annual screening (eg, stigma, out-of-pocket costs, lost productivity, or complacency about practicing behaviors) that would reduce the risk of HIV acquisition. However, 1 study 45 found relatively stable risk behaviors reported by MSM attending clinics in Victoria, Australia, from 2007 to 2010, when more frequent screening (between 3 and 6 months) was instituted. This finding suggested that more frequent testing is not associated with an increase in a potential societal harm, such as the proportion of MSM who engage in higher-risk behaviors.
Studies that addressed feasibility. No studies addressed the extent to which more frequent than annual screening would be feasible by health departments and other programs in the United States. However, the evaluations of 3 public-sector MSM screening programs in large, high-HIV-prevalence US cities described during the expert consultation noted several factors that enhanced the feasibility of screening programs, such as free screening funded by federal or state programs.
Expert Consultation Series
The CDC experts participating in the first 2 webinars were provided information on the current evidence, and the CDC workgroup then solicited their individual viewpoints. An analysis of the feedback from individual experts revealed that the literature was insufficient to conclude that more frequent screening had demonstrated benefits over annual screening, although opinions were diverse; however, some experts suggested that information from the mathematical models was sufficient. During the second webinar, managers and research staff members involved in 3 HIV testing programs (Table 1) presented information on their experience with offering MSM more frequent screening and provided evidence to suggest that MSM in their communities found the offer of more frequent than annual screening acceptable. The evidence included data from representatives in Seattle & King County, which showed an increase in uptake of frequent screening among high-risk MSM, compared with the screening rates of other high-risk groups, suggesting increasing acceptance of more frequent than annual HIV screening programs.
In the third webinar, experts discussed the likely benefits of more frequent screening in jurisdictions that routinely provide prompt linkage to high-quality medical care soon after diagnosis. Representatives from health departments in Seattle & King County, New York City, and San Francisco described the successful implementation of more frequent than annual HIV screening programs and presented information suggesting that these programs contributed to a decrease in the proportion of MSM with undiagnosed HIV infection. Expert consultants weighed these programs' benefits with contextual factors in other jurisdictions and cautioned that some MSM communities implementing frequent HIV screening programs would realize greater benefits than others. For example, communities in which HIV prevalence is high or MSM who screen HIV positive can quickly initiate antiretroviral therapy would experience greater reductions in incidence than would communities with low HIV prevalence or in which those who screen HIV positive are not promptly offered antiretroviral therapy.
An analysis of comments received from the individual experts to review the mathematical and economic modeling studies (Box) also suggests that the modeling studies provided inconsistent information and demonstrated limited impact. Experts recognized that the models estimated that screening every 3 or 6 months was cost-effective compared with annual screening largely because the high lifetime treatment costs of even a few cases of HIV infection would exceed the incremental costs of more frequent than annual screening. In addition, most experts concluded that, because of the variability in methods, uncertainty of the validity of parameters (particularly pertaining to the benefits of slightly earlier initiation of antiretroviral therapy and infectiousness during the early acute stage), and magnitude of effect, the suitability of the study design for mathematical models for use in a guideline was low and should not provide the sole evidence upon which to base new recommendations. 56 Experts also noted other studies [57] [58] [59] [60] [61] [62] [63] [64] that suggested additional risk factors that may place MSM at increased risk of HIV acquisition and, thus, may be useful for identifying MSM who would most benefit from more frequent screening. Factors suggested by experts included diagnosis of bacterial STD, unprotected intercourse with sex partners who are HIV infected or anonymous, multiple sex partners, seeking sex partners from sexual networks likely to have high HIV prevalence (defined by geography or population characteristics), use of nonprescription drugs, sex with people who inject drugs, African American race or Hispanic/Latino ethnicity, and age <25.
Recommendations
The CDC workgroup, informed by the opinions of individual experts, concluded that the available evidence in the published literature was insufficient to support changing CDC's current recommendation (ie, screen all sexually active MSM at least annually) to a new recommendation (ie, routinely offer HIV screening every 3 or 6 months to sexually active MSM).
However, several, but not all, modeling studies predicted that more frequent screening, compared with annual
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Public Health Reports 133 (1) Box. Questions asked of expert consultants concerning mathematical modeling of the health and economic impact of HIV screening intervals on MSM in the United States and other high-income countries, December 2014, with consultants' answers A. What mathematical model studies (n ¼ 8) were expert consultants asked to evaluate? (see Table 2 ) Six published studies were reviewed during the consultation. 24, 25, [48] [49] [50] 52 One study undergoing peer review at a journal was recommended by consultants, and an earlier version of the analysis was also identified through a search of the gray literature; this article was discussed at the consultation but was published after the consultation. 47 One study was identified after the consultation and was not discussed at the consultation. 51 Two studies 49, 52 were considered not generalizable to the United States because of different epidemiologic, health care utilization, and economic characteristics. B. What model outcomes are useful to estimate the health and economic impact of various HIV screening intervals on MSM?
QALYs saved (captures data on individual and public health benefit of more frequent screening) Incremental cost-effectiveness ratio HIV infections averted in sex partners of screened MSM HIV incidence Averted HIV infections C. Other than aforementioned benefits, what additional benefits of more frequent than annual screening do the models address?
The potential to increase sexually transmitted disease screening The potential to assess individual men's eligibility for preexposure prophylaxis Screening could provide an opportunity for counseling on risk reduction, although evidence is scarce. Identification of acute HIV infection D. What do available models conclude about the health impact of more frequent than annual screening versus annual screening of MSM?
The predicted impact of more frequent than annual screening on averting new infection in sex partners would be modest. This conclusion is based on limitations inherent to mathematical models: (1) models were based on parameter estimates that are uncertain or may vary substantially by locale, and (2) some models used deterministic methods that did not generate confidence intervals that would reflect the range of possible effect sizes. Participants in the consultation concluded that the current evidence suggests that, compared with annual screening, screening MSM every 3 to 6 months would be moderately effective at averting HIV transmissions and cost-effective. Evidence cited includes the following:
Long 25 estimated that increasing the screening frequency for MSM from annually to every 6 months would reduce the incidence by 1.9% (MSM only) or 2.6% (MSM and injection drug users) and would cost $20 000 per QALY gained.
Hutchinson et al 47 estimated that testing MSM as frequently as every 3 months would avert HIV infections and would be costeffective compared with annual testing. However, the model estimated that 1.75 or 2.00 infections per 10 000 MSM would be averted during a 1-year period in a 6-month screening program compared with annual screening.
In Lucas and Armbruster, 24 the optimal screening frequency for high-risk people (HIV incidence >1%) was estimated to be every 3 months.
The model by Gray et al 49 that compared the impact of screening every 3 months versus annually on reducing the number of new infections in Australia generated a broad effect size range in which the time intervals had overlapping confidence intervals and were not statistically different from one another, indicative of no effect or a reduction in the number of new infections.
The model by Khanna et al 50 estimated that among MSM in the United States, programs that would offer screening to MSM who had reported 3 new sex partners since their last negative test would avert a substantial number of new HIV transmissions, whereas programs that would offer screening based on a fixed time interval of 3 months would not.
The model by Khanna et al 50 also estimated that screening MSM based on risk and sex partner change interval (screening every 3 to 6 months for every 3 to 6 new sex partners accrued since last test) had 5 times the impact (on number of infections averted) than screening prompted only by a fixed time interval.
The model by Wilson et al 52 estimated that increasing the proportion of MSM who screen annually (in Australia) would incrementally decrease the number of new infections each year, but the authors also stated that 100% coverage of annual screening would yield the maximum possible reduction in incidence that can be achieved through screening alone. Wilson and colleagues concluded that more frequent than annual screening would not result in a substantial additional decrease in the total expected number of new HIV infections. If MSM are screened more frequently than annually using combination antigen/antibody tests (that are highly sensitive for acute infection), and if programs can routinely link acutely infected MSM to HIV treatment faster than MSM with chronic infection or infection of unknown duration, more frequent than annual screening may result in higher QALYs and more averted infections in sex partners, because risk of transmission is higher when MSM are in the acute stage of infection. 25 Two models 25, 47 estimated that screening tests had an effect on QALYs or infections averted; another model 50 compared the impact of screening using tests with a 1-day window period and tests with a 22-day window period but found little difference in the number of infections averted (or QALYs).
(Continued) Box. (Continued) E. What do available models conclude about the cost-effectiveness of more frequent than annual screening versus annual screening among MSM? Do these findings allow decision makers to draw solid conclusions about the economic impact of various screening intervals? More frequent than annual screening is cost-effective or cost saving compared with annual screening. Estimates of HIV incidence, the proportion of screen-positive MSM linked to HIV medical care after diagnosis, and the extent of behavior change after diagnosis all affect cost-effectiveness. In models by Long et al, 48 more frequent than annual screening was cost-effective (using a threshold of $100 000 per QALY gained) across wide ranges of these 3 parameter estimates. The model by Hutchinson et al 47 shows that, compared with annual screening, more frequent than annual screening is cost saving for all MSM. Many model parameters that influence cost-effectiveness are uncertain (see sections G and F), particularly those on the benefits of slightly earlier initiation of antiretroviral therapy.
F. Which factors are most likely to influence the primary and secondary benefits or cost-effectiveness of more frequent than annual versus annual screening among MSM? Areas with high HIV incidence in the screened population. In areas with high HIV incidence, both cost-effectiveness and number of averted infections would be increased. Experts noted, however, that national estimates of HIV incidence among MSM are uncertain and vary greatly by locale, race/ethnicity, and other factors. Further, few communities know their local HIV prevalence or HIV incidence. High-risk characteristics. Directing screening to MSM at increased risk of acquiring HIV will improve the health impact (ie, averting new infections) and cost-effectiveness of more than annual screening. These characteristics include factors such as diagnosis of bacterial sexually transmitted diseases, unprotected intercourse with HIV-infected or anonymous sex partners, multiple sex partners, having partners from sexual networks who are likely to have a high prevalence of unsuppressed HIV infection (defined by geography or population characteristics), use of illicit nonprescription drugs, sex with injection drug users, African American or Latino race/ethnicity, and age <25. Khanna et al 50 found that risk-based screening was 5 times more effective than interval-based screening alone. Other unpublished research (not reviewed at the time of the consultation) shows similar results. Rates of linkage to HIV care. The health impact (ie, number of averted infections) and cost-effectiveness of more than annual screening would likely be greater if newly diagnosed MSM promptly started HIV care and antiretroviral therapy and achieved viral suppression. The rate and timing with which HIV-negative MSM adopt safer behaviors. Behavior change is common among MSM who are diagnosed with HIV. Similarly, the health impact of more than annual screening would be greater if MSM who tested negative rapidly adopted safer behaviors that would reduce their future risk of HIV exposure. The cost of HIV screening in clinical settings relative to other types of interventions. Centers for Disease Control and Prevention resource allocation studies have compared the benefits of various interventions on preventing HIV transmission (eg, screening, linkage and retention assistance, HIV treatment, behavioral risk-reduction interventions, and partner services). Screening is often the most cost-effective intervention compared with other interventions because opportunistic screening in clinical settings does not rely on special recruitment by staff members, thereby reducing costs. Other factors. Other factors that may have an impact on access to and acceptability of frequent screening include MSM residing in rural versus urban settings, younger versus older MSM, MSM who are white versus from a racial/ethnic minority group, and out-ofpocket costs (eg, free tests versus individually billable tests). Rates and timing of linkage to HIV medical care after screening in various communities; MSM with HIV infection who might wait 4 months to start antiretroviral therapy will accrue less benefit from frequent screening than MSM who are linked to care more quickly.
The extent to which screened MSM adopt safer behaviors after a screening test, particularly MSM testing HIV positive.
(Continued) 16 Public Health Reports 133 (1) screening, might avert a greater number of new HIV infections and be cost-effective (incremental cost-effectiveness ratio <$100 000 per QALY) compared with annual screening, largely by averting the lifetime costs of HIV medical care of secondary HIV cases. We found no studies that assessed harms.
Box. (Continued)
The association between recent risk behavior and preferred screening interval (eg, are low risk; "worried well" more likely to seek or accept more frequent than annual screening than high-risk MSM). If low-risk MSM are more likely to screen than high-risk MSM, all models could overestimate the benefits of more frequent than annual screening.
The long-term costs of clinical and nonclinical screening programs and variability of cost data because of differences in geography, health infrastructure, public versus private sectors, or other factors. Existing modeling studies have important limitations, such as the following:
There is limited empirical evidence behind some parameter estimates, such as benefits to the index client for being diagnosed 3 to 6 months earlier, infectivity, and transmission at various stages of disease.
Many assume a base-case scenario in which 100% of MSM are screened annually. The US estimates of MSM who screen annually range from 39% in 2006-2010 (National Survey of Family Growth) 34 to 67% in 2011 (National HIV Behavioral Surveillance System). 35 If models, particularly dynamic compartmental models, used the actual proportions of MSM who screen annually, the marginal benefits of more frequent than annual screening may decline.
Most do not specify incremental benefits of screening MSM with differing levels of behavioral risk at fixed, more frequent than annual intervals.
Most do not evaluate the effects if low-risk MSM were to preferentially undergo more frequent than annual screening than highrisk MSM. If so, the benefit of detecting new infections would decrease and costs may increase.
Most do not address differences in screening rates by locale. Although MSM in some locales screen frequently, many MSM in other locales have been screened only once or have never been screened.
The costs of implementing screening at more frequent intervals are not clearly known. Most studies do not account for resources needed to screen more frequently than annually, including outreach, recruitment, testing costs, and other associated costs. Both deterministic and stochastic models have uncertainties; no one model type is ideal, particularly when modeling a communicable disease such as HIV that is affected by constantly changing sexual and drug-use networks and sexual partnerships. Deterministic models do not generate confidence intervals and so cannot measure uncertainty of estimates. Other comments include the following:
When results of different model types are consistent, guideline developers have more confidence in using these data to guide decisions about screening intervals. When model results vary substantially, guideline developers should be cautious about making decisions based largely on models.
Little is known about the characteristics of MSM who have never been screened for HIV, and these MSM represent a larger population than is commonly understood.
There were concerns with the use of risk-based factors to identify populations with higher HIV incidence that might improve the effectiveness of more frequent than annual screening. Some programs have or may wish to incorporate these factors into their screening activities; however, which risks should be emphasized is unknown. Furthermore, experts noted that assessing risk when offering screening in primary care and other clinical settings is challenging. Many studies show that MSM do not accurately report their HIV-related risks to their providers.
H. What recommendations do you have for future studies, including mathematical modeling studies and others?
Studies that compare annual screening at prevailing rates (an estimated 34%-67% in the United States) with annual screening at higher rates (>80%). Studies that compare annual screening at prevailing rates with annual screening at higher rates (>80%), plus more frequent than annual screening of a small proportion of MSM at high risk for HIV. Studies that consider risk level among MSM (eg, number of sex partners, number of new sex partners) and local epidemic factors (eg, race, age, other factors). Multicomponent intervention models and resource allocation models are needed. These studies would compare the potential impact that other interventions may have on reducing HIV incidence, such as increasing the proportion of newly diagnosed MSM who are promptly linked to HIV medical care, with greater than annual screening. Other interventions may have more impact on reducing HIV incidence. A demonstration or cohort study would be beneficial to answer many of the assumptions currently being made in the mathematical models. Such a study would screen some MSM with various risk profiles (eg, multiple sex partners or new sex partners compared with those with fewer sex partners) every 3 months, and others every 6 months, to determine how many new infections would be detected.
Abbreviations: HIV, human immunodeficiency virus; MSM, men who have sex with men; QALY, quality-adjusted life-year.
